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. This study has demonstrated the potential of nanocomposites involving purified natural products from Chinese herb medicine for biomedical applications.
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Iron is one of the most important trace elements in human body and is essential for the normal function of organisms, particularly for the metabolism and immune functions. [1] As reported by World Health Organization, 2 billion people have anemia, with nearly 1 billion suffering from iron deficiency anemia (IDA). [2] Therefore, IDA is a common nutritional disease in modern society. [3] Oral iron supplementation, such as ferrous salts, is common in the treatment and prevention of iron deficiency in human body. [4] However, it usually causes side effects, such as epigastric pain, diarrhea and constipation. [5] Therefore, it is highly desired to develop new iron supplements with no or few side effects. [6] Ferumoxide, known as Feridex in America and Endorem in Europe, is a colloid of ultra-small superparamagnetic iron oxide (USPIO) nanoparticles (NPs) coated by dextran. [7] It is a FDA-cleared drug for the treatment of IDA in adult chronic kidney disease patients. [8] [9] After intravenous administration, the USPIO NPs are cleared from blood by phagocytosis. [10] The USPIO NPs are metabolized in the lysosomes into a soluble, nonmagnetic form of iron that becomes part of the normal iron pool after the intracellular uptake. Among the USPIO NPs, Fe 3 O 4 NPs have been proved to exhibit good superparamagnetic property below 15 nm and can be used as both an iron supplement and a magnetic resonance imaging (MRI) contrast agent candidate.
[11]
MRI is a powerful noninvasive diagnostic technique for visualizing the fine structure of the human body with high spatial resolution. To obtain accurate diagnosis, contrast agents are usually used to increase the MRI image quality by exerting an 4 influence on the longitudinal (T 1 ), transverse (T 2 ) relaxation time and T 2 -star (T 2 *), a relaxation parameter arising principally from local magnetic field in homogeneities that are increased with iron deposition. [12] Due to the unique superparamagnetic property, Fe 3 O 4 NPs have been widely used as ultrasensitive negative contrast agents for early detection of tumors due to their strong T 2 and T 2 * shortening effect. [13] Unfortunately, the exposed Fe 3 O 4 NPs have poor solubility and biocompatibility.
Therefore, the surface of Fe 3 O 4 NPs needs to be suitably engineered to acquire improved biocompatibility. [14, 15] The most popular methods are introducing hydrophilic groups and modification of bioinorganic shell on the surface of Fe 3 O 4 NPs, which can effectively optimize the properties of Fe 3 O 4 NPs to satisfy the requirements of applications, such as MRI contrast agents, [16] magnetic targeting drug, biomolecule separation, and hyperthermal cancer therapy. [17] For example, [21] , have been studied as MRI contrast agents and drug carriers in preclinical and clinical setting.
[22]
Among the modification materials of Fe 3 O 4 NPs, polysaccharides have the advantages of stability, water solubility and few side effects on the organism.
Meanwhile, some natural polysaccharides can promote the formation of hematopoietic cell.
[23] Astragalus membranaceus, a traditional Chinese herb medicine containing many active components, such as polysaccharides, flavonoids, saponins, amino acids and trace elements, has been used in China for medicine for more than 2,000 years to improve human immunity and treat cardiovascular disorders.
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Astragalus polysaccharide (APS) is one of the main active components of Astragalus membranaceus extracted from Astragalus roots, which is described in the 2005 version of the ''Chinese Pharmacopoeia". [24] APS is comprised of uniform polysaccharide fraction, including rhamnose, arabinose and glucose. [25] APS is stable and biocompatible in vivo, which makes it an ideal material for biomedical applications. Many reports on the biological activities of APS indicate that it possesses potent anti-inflammatory, organ protective, anti-tumor activities and growth of red blood cell stimulative. [26] Therefore, APS is a promising material for modifying Fe 3 O 4
NPs.
To develop a potential IDA therapeutic agent combining iron supplements and contents of promoting the hematopoietic cell formation, we report a novel material of Fe 3 O 4 @APS Core-Shell NPs fabricated by a two steps approach involving hydrothermal synthesis [27] and esterification. As shown in and -28.8 mV, respectively, which suggests good water dispersity of the NPs ( Figure   S3 , Supporting Information). [29] Fourier transform infrared (FT-IR) absorption spectra were measured to confirm the presence of the APS around the On the 15th and 30th day, the mice were tested by MRI to examine the effect of the (Table S1 , Supporting Information) demonstrate the high therapeutic effect of the 
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